The outer membrane protein (OMP) and lipopolysaccharide (LPS) profiles of 30 untypeable isolates of PusteureZZu huemolyticu were examined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and compared with the profiles of typeable isolates. The phylogenetic relationships of 28 isolates representing each of the serotypes of P. haemolyticu and PusteureZlu trehulosi, as well as untypeable isolates of P. huemolytica, were determined by comparing 16s rRNA sequences. The analysis of the O M P and LPS profiles of the untypeable isolates revealed five groups, which were designated untypeable groups 1 (UG1) through UG5. The UG1 and UG2 isolates had O M P and LPS profiles identical to the profiles of certain serotype A1 and A2 isolates, respectively. Furthermore, UGl isolates originating from cattle and sheep could be clearly differentiated on the basis of their OMP profiles. The O M P and LPS profiles of UG3 isolates were similar in appearance to the profiles of serotype A l l isolates, suggesting that these two groups are closely related. The O M P profiles of UG4 and UG5 isolates were unique and different from the OMP profiles of the UG1 through UG3 isolates. A comparison of 16s rRNA sequences revealed that typeable isolates of P. huemolyticu could be divided into the following three groups: (i) serotype Al, A5 through A9, A12 through A14, and A16 isolates, (ii) serotype A2
Pasteurella haemolytica is a gram-negative bacterium that is responsible for economically important diseases of cattle and sheep (16, 19) . Traditionally, P. haemolytica has been subdivided into two biotypes, biotypes A and T, on the basis of biochemical characteristics, and 17 serotypes on the basis of variations in capsular polysaccharides (2, 35). However, biotypes A and T differ not only biochemically, but also serologically since serotypes Al, A2, A5 through A9, A l l through A14, A16, and A17 are associated only with biotype A, whereas serotypes T3, T4, T10, and T15 are associated only with biotype T. In addition to biochemical and serological differences, epidemiological and pathogenic differences between the A and T biotypes have long suggested that they are, in fact, different species. Biotype A strains are associated with pneumonic pasteurellosis of cattle and sheep and septicemia in young lambs, whereas biotype T strains cause a well-defined systemic disease of young adult sheep (16, 19) . The results of studies of Biberstein and Francis (4) and Sneath and Stevens (31) supported the hypothesis that biotypes A and T are different species. In 1990, Sneath and Stevens (32) proposed that biotype T strains of P. haemolytica should be recognized as members of a new species, Pasteurella trehalosi. More recently, Dewhirst et al. (13) , using 16s rRNA sequence comparisons, demonstrated that P. haernolytica and P. trehalosi belong to different clusters in the family Pasteurellaceae and may, in fact, belong to different genera. However, it should be noted that both P. haemolytica and P. trehalosi were excluded from the genus Pasteurella sensu strict0 by Mutters et al. (26) , although they have not been assigned to a new genus or new genera yet.
In addition to the isolates which belong to one of the recognized serotypes of P. haemolytica, a significant number of isolates are untypeable. Fraser et al. (17) reported that 6 to 11% of ovine isolates were untypeable, and the corresponding value for bovine isolates is higher (29) . Nine serogroups of bovine and ovine untypeable P. haemolytica isolates were described on the basis of the results of countercurrent immunoelectrophoresis (14) . Biberstein (3) suggested that untypeable isolates probably represented unencapsulated mutants belonging to biotype A, although Aarsleff et al. (1) noted that the sugar fermentation patterns of many untypeable isolates differed from those of classical biotype A isolates. On the basis of differences in biochemical characteristics, 12 biogroups have been described within the P. haemolytica complex (6, 7, 25, 27) , and some of these biogroups represent new species (25, 27) . Although some untypeable isolates belong to the same biogroup as biotype A isolates of P. haemolytica (i.e,, biogroup l), others belong to biogroups 5 through 12 (6, 7) . Heterogeneous biogroup 3, which includes serotype A l l isolates, and biogroups 5 and 9 (in particular) are thought to represent new species (25) .
From the observations described above it is clear that P. haemolytica comprises a diverse range of bacteria and is best described as a complex rather than a single species (27) . This situation is undesirable because it makes the results of comparative studies of different isolates of P. haemolytica (for example, biotype A and T and untypeable isolates) difficult to interpret and, furthermore, may actually hinder studies on the pathogenesis and epidemiology of P. haemolytica. In an attempt to ameliorate this situation, the taxonomic relationships of isolates belonging to the P. haemolytica complex are currently being examined as part of a wider study of the diversity of this group of organisms. The intraspecific diversity of P. trehalosi and P. haemolytica has been assessed previously by analyzing variations in the lipopolysaccharide (LPS) and outer membrane protein (OMP) profiles between and within capsular polysaccharide serotypes (10, 12) . The LPS and OMP profiles of P. trehalosi isolates and P. haemolyticu isolates were shown to be significantly different (12) , confirming that these taxa should be recognized as distinct species (32) . In the present study, the analysis of the LPS and OMP profiles of isolates belonging to the P. haemolytica complex was extended by examining untypeable isolates. In addition, the phylogenetic relationships of isolates belonging to the P. haemolytica complex were examined by comparing 16s rRNA sequences. The diversity within the P. haemolytica complex, including P. trehaZosi, based on the results of an analysis of the OMP and LPS profiles of 274 isolates could then be compared with the phylogenetic data derived from the 16s rRNA sequences.
MATERIALS AND METHODS
Bacterial strains and growth conditions. A total of 30 untypcable isolates of P. haemolytica, which were obtained from the Moredun Research Institute and British Veterinary Investigation Centres, were compared by analyzing their OMP and LPS profiles. Details concerning these isolates are shown in Table 1 . A total of 28 isolates, including field isolates and isolates obtained from the National Collection of Type Cultures (NCTC), which represented each serotype of P. haemolytica (except recently described serotype A17 [35] ) and P. trehalosi, as well as representative isolates belonging to each of the untypeable groups (UG) identified by the OMP and LPS analysis, were subjected to a 16s rRNA sequence comparison analysis. In addition, sequences from seven related reference strains were included for comparison. Details concerning these isolates are shown in Table 2 .
Isolates from the Moredun Research Institute and Veterinary Investigation Centres were submitted to the Glasgow laboratory on blood agar slopes. Cultures from the NCTC were obtained in a freeze-dried state and were reconstituted on sheep blood agar (brain heart infusion agar [Oxoid] containing 5% [vol/vol] defibrinated sheep blood). At the Veterinary Investigation Centres isolates were identified as P. haemolytica on the basis of clinical diagnosis, colony morphology, Gram staining, cell morphology, and the results of a preliminary biochemical characterization. Isolates were submitted to the Moredun Rescarch Institute for serotyping (10, 12) , and those found to be untypeable were included in this study. The isolates were stored at -70°C in 50% (vol/vol) glycerol in brain heart infusion broth (Oxoid). Subsequently, the bacteria were streaked onto sheep blood agar and grown overnight at 37°C. For preparation of outer membranes, bacteria were grown for 6 to 7 h in 500-ml volumes of brain heart infusion broth in 2-liter Erlenmeyer flasks at 37°C with shaking at 120 rpm.
Preparation of OMPs and LPS. OMPs were obtained by Sarkosyl extraction (15) , as described previously (11). LPS was obtained by proteinase K digestion (20) of outer membranes as described previously (9) ' B, bovine; 0, ovine. P, pneumonia; S, septicemia; Ab, abortion; OL, oral lesion; H, healthy; G, granuloma.
Protein assay. The protein concentrations of outer membrane samples were determined by the modified Lowry procedure described by Markwell et al. (24) . SDS-PAGE. OMPs and LPS were separated by SDS-polyacrylamide gel electrophoresis (PAGE) by using the SDS discontinuous system of Laemmli (23), as described previously (1 1). OMPs were separated in 12% (wt/vol) polyacrylamide resolving gels, whereas LPS was separated in 15% (wtivol) polyacrylamide resolving gels containing 4 M urea. The protein molecular mass standards (Pharmacia) used were phosphorylase b (94 kDa), bovine serum albumin (67 kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa), trypsin inhibitor (20.1 kDa), and a-lactalbumin (14.4 kDa). OMPs were visualized by staining the gels with Coomassie brilliant blue, and LPS was visualized by silver staining (34) . The molecular masses of individual proteins were estimated from calibration curves.
Crude DNA isolation. Bacteria were grown overnight in 5-ml volumes of brain heart infusion broth. A 1-ml portion of each culture was transferred to an Eppendorf tube and centrifuged at 15,000 X g for 1 min. The supernatant was removed, and the cells were resuspended in 200 pl of resuspension buffer (10 mM Tris-HC1 [pH 7.61, 1 mM EDTA). DNA was released by using GeneReleaser (Bioventures, Inc.) according to the manufacturer's instructions. A 15-pl portion of GeneReleaser was mixed with 5 pl of the cell suspension, a bead of Ampliwax (PCR Gem 100) was added, and the tube was microwaved on high for 5 min.
Amplification of 16s rRNA cistrons. The 16s rRNA cistrons were amplified with primers 1 and 2 (Table 3) . PCRs were performed in thin-walled tubes with a Perkin-Elmer model 480 thermal cycler. The PCR was carried out with a Perkin Elmer Gene Amp PCR kit by using a hot-start protocol as suggested by the manufacturer. The following conditions were used for amplification: denaturation at 94°C for 45 s, annealing at 50°C for 45 s, and elongation at 72°C for 45 s, with an additional 5 s added for each cycle. A total of 30 cycles were performed, and this was followed by a final elongation step at 72°C for 15 min. ' T = type strain.
The purity of the amplified product was determined by electrophoresis in a 1% agarose gel (FMC Bioproducts). DNA was stained with ethidium bromide and viewed under short-wavelength UV light. Purification of PCR products. The amplified DNA was purified by precipitation with polyethylene glycol 8000 (22) . The DNA mixture was transferred to a fresh tube, 0.6 volume of 20% polyethylene glycol 8000 (Sigma) in 2.5 M NaCl was added, and the mixture was incubated at 37°C for 10 min. The sample was centrifuged for 30 min at 15,000 X g, and the resulting pellet was washed with ice-cold 80% ethanol. This preparation was centrifuged as described above, and the resulting pellet was air dried, dissolved in 30 ~1 of distilled water, and used for cycle sequencing as described below.
Sequencing methods. The DNA sample obtained from the PCR was directly sequenced with a cycle sequencing kit (Promega fmol DNA sequencing system) by following the manufacturer's protocol. Details concerning the six sequencing primers used (primers 3 through 8) are shown in Table 3 . The primers were end labelled with 33P (Dupont, NEN) by using the protocol recommended by the manufacturer. Approximately 100 ng of purified DNA from each PCR was used for sequencing. The reaction products were loaded onto 8% polyacrylamideurea gels and electrophoresed, and bands were detected by exposure to X-ray film for 24 h. 16s rRNA data analysis. A program set for data entry, editing, sequence alignment, secondary-structure comparison, similarity matrix generation, and dendrogram construction for 16s rRNA data was written in Microsoft Quick-BASIC for use with IBM PC-AT and compatible computers (28) . The RNA sequences were entered and aligned as described previously (28) . The sequence database contains approximately 100 16s rRNA sequences of members of the Pasteurellaceae. Similarity matrices were constructed from the aligned sequences by using only those sequence positions for which 90% of the strains had data. The similarity matrices were corrected for multiple base changes at single positions by the method of Jukes and Cantor (21). Phylogenetic trees were constructed by the neighbor-joining method of Saitou and Nei (30, 33) .
GenBank accession numbers. The GenBank accession numbers for the strains examined in this study are given in Table 2 . OMP and LPS profiles of untypeable isolates. The OMP and LPS profiles of 30 untypeable isolates of P. haemolytica were compared with the profiles of members of the 12 P.
haemolytica serotypes described previously (lo). The results are summarized in Table 1 . On the basis of variations in their OMP profiles, the untypeable isolates could be divided into five major groups, which were designated UG1 through UG5. UG1 consisted of six isolates that had profiles identical to the profiles characteristic of certain serotype A1 isolates (10) and could be divided into two subgroups. Four isolates had type 1.1.1 OMP profiles (Fig. 1, lanes 3 and 4) , and two isolates had type 1.2.1 OMP profiles (Fig. 1, lanes 5 and 6) . These profiles were identical to the corresponding profiles of serotype A1 isolates, which are shown for comparison in Fig. 1 , lanes 1 and 2. As was the case with the serotype A1 isolates (lo), the type 1.1.1 profiles were characterized by the presence of a 31-kDa major protein and 31.5-and 65-kDa minor proteins and enhanced expression of a 90-kDa protein (Fig. 1, lane 3, arrows) ; the type 1.2.1 profiles were characterized by the presence of a 30.5-kDa major protein (lane 5, arrow), the absence of the 31.5-and 65-kDa minor proteins and reduced expression of the 90-kDa protein. UG2 consisted of two isolates which had OMP profiles (Fig. 2 , lanes 9 and 10) that were identical to the type 2.2.2 profile (Fig. 2, lane 8 ) of certain serotype A2 isolates (10) .
UG3 isolates had OMP profiles (Fig. 1 , lanes 9 through 12) similar to the type 3.2.2 profile (Fig. 1, lanes 7 and 8) of serotype A1 1 isolates (10). These profiles were characterized by the expression of a 40-kDa major protein (Fig. 1, lane 7 , arrow) but also differed from the profiles of UG1 isolates in the mobilities of various high-molecular-mass minor proteins, as well as in the expression of minor 24-and 50-kDa proteins (Fig. 1, lanes 6 and 7) found in the profiles of serotype A1 and UG1 isolates (Fig. 1,  lane 12) ; however, this isolate was similar to the other UG3 isolates in its expression of a 40-kDa major protein (lane 12, arrow). All of the profiles of members of this group resembled the type 1.2.1 profile of serotype A1 and UG1 isolates described above in that they lacked expression of 31.5-and 65-kDa minor proteins (lane 3, arrows) and contained a 30.5-kDa major protein (lane 5, arrow). The significance of this is described below.
UG4 isolates had the characteristic OMP profiles shown in Fig. 2 , lanes 2 through 7. These profiles differed from the profiles of serotype A1 (UG1) and A2 (UG2) isolates (Fig. 2,  lanes 1 and 8) , as well as UG3 isolates, in the expression of both major and minor proteins. The main difference was in the expression of a single 38-kDa major protein rather than two or three proteins in the 39-to 41-kDa range, although this band may comprise two proteins that have similar molecular masses, as was evident in Fig. 2, lanes 6 and 7 (see below) . In addition, the 31-kDa major protein had a slightly higher molecular mass than the corresponding protein of serotype A1 isolates (Fig. 2,  lanes 1 and 2) . Other differences included the expression of 18.5-, 24.5-, 30-, 36-, and 42-kDa minor proteins (Fig. 2, lane 2 , arrows) in UG4 isolates, as well as differences in the highmolecular-mass region. The UG4 isolates could be divided into two subgroups on the basis of differences in the mobilities of the major proteins in the 38.5-to 39.5-kDa range (Fig. 2, lane  6 , lower arrow) and in the expression of 67-and 100-kDa proteins (Fig. 2, lane 6, upper arrows) . The two profiles were designated OMP types 4.1.1 (Fig. 2, lanes 2 through 5) and 4.1.2 (Fig. 2, lanes 6 and 7) , although the profiles in Fig. 2 , lanes 2 and 3, may represent a third type. Eight isolates had type 4.1.1 profiles, and three isolates had type 4.1.2 profiles.
UG5 comprised two isolates which had the OMP profile designated 5.1.1 (Fig. 2, lanes 11 and 12) . This profile differed from the profiles of typeable isolates and other untypeable isolates of P. haemolytica in that it contained 28-, 38-, and 39-kDa major proteins and various minor proteins with molecular masses ranging from 16 to 32 kDa. In particular, the INT. J. SYST. BACTERIOL. presence of a 28-kDa major protein (Fig. 2, lane 11, arrow) rather than a 30-kDa major protein and the presence of up to €our minor proteins with molecular masses in the range 25 to 32 kDa were distinguishing characteristics of this profile, Although there was variation between the two isolates in the mobilities of certain minor proteins (Fig. 2, lane 12, arrow) , the profiles were given the same designation because only two isolates were available for comparison.
The LPS profiles of UG1 isolates were all smooth type 1A profiles (Fig. 3, lanes 2 and 3) , whereas the profiles of UG2 isolates were all rough type 3B profiles (Fig. 3, lanes 5 and 6) . The LPS profiles of the UG3 isolates were all similar to the smooth type 4A and 4C LPS profiles (Fig. 3 , lanes 9 and 10) described for serotype A7 and A11 isolates (Fig. 3, lanes 7 and  8) , respectively. However, at this time, the identities of the different LPS types in this group have not been confirmed immunologically (lo), and the LPS types were all provisionally designated type 4NC. The LPS profiles of the remaining isolates could be divided into three discrete groups corresponding to their OMP profiles. Thus, the UG4 isolates that had type 4.1.1 OMP profiles had the variable LPS profiles shown in Fig.  4 , lanes 2 through 5; the UG4 isolates that had type 4.1.2 OMP profiles had the identical profiles shown in Fig. 4 , lanes 6 and 7; and the UG5 isolates that had type 5.1.1 OMP profiles had the identical LPS profiles shown in Fig. 4 , lanes 8 and 9. Because there was no immunological confirmation of the identities of the LPS profiles in these groups, LPS types were not designated. 
4.
A phylogenetic tree based on this similarity matrix is shown in Fig. 5 . A total of 1,448 positions were used in the calculations, and positions with more than two missing nucleotides were not included in the analysis. The P. haernolytica isolates formed two distinct clusters, whereas the P. trehalosi isolates formed a third cluster on a separate branch (Fig. 5) .
Serotype Al, A5 through A9, A12 through A14, and A16 isolates, together with untypeable isolate PH318 (UGl), formed a single group (the A1 group) whose members had identical 16s rRNA sequences. Two isolates each of serotypes Al, A2, A6, and A7 were examined because the isolates belonging to each pair could be differentiated on the basis of their OMP and/or LPS profiles (10) . However, the results of a 16s rRNA sequence comparison could not differentiate between the isolates of each of these pairs. Serotype A2 isolates, including type strain NCTC 9380, together with untypeable isolate PH690 (UG2), formed a second group (the A2 group), whose sequences differed from the sequences of members of the A1 group, as well as the sequences of the other isolates examined, in the substitution at base positions 646 and 743 of G by A. Serotype A l l isolate PH344 and untypeable isolate PH152 (UG3) together formed a group (0.7% difference) which was most closely related to the main P. haernolytica group (Fig. 5) . Isolates PH344 and PH152 and the members of the A1 and A2 groups differed by only 0.8 to 1.1%, indicating that these taxa were closely related (Table 4) . Untypeable isolate PH290 (UG3) was more distantly related to the main P.
haemolytica group, whereas the isolate belonging to Bisgaard's taxon 18 was the most distantly related isolate in this cluster (Fig. 5) . The remaining three untypeable isolates belonged to the second cluster, which also comprised Bisgaard's taxa 15 and 20 (Fig. 5) . Isolates PH40 (UG4) and PH360 (UG4) were the most closely related isolates in this group, differing by only 0.6% (Table 4 ). Bisgaard's taxon 15 was the taxon that was next most closely related to isolates PH40 and PH360, followed by isolate PH704 (UG5) and Bisgaard's taxon 20 (Fig. 5) .
The P. trehalosi isolates formed a distinct cluster which was most closely related to a group comprising A. capsulatus, H. 
Pasteurella haemolytica PH344 (A1 1)
Pusteurella huemolytica PH 152 (UG3)
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Pasteurella haemolytica PH290 (UG3) FIG. 5 . Phylogenetic tree of the P. haernolytica complex and related taxa based on a 16s rRNA sequence comparison. The A2 group consisted of isolates PH160, PH208, PH380, and PH690, and the A1 group consisted of isolates PH2, PH8, PH568, PH284, PH376, PH296, PH388, PH236, PH374, PH346, PH.570, PH66, PH706, and PH318. ~ paracuniculus, and H. parasuis (Fig. 5) . Isolates representing the four serotypes of P. trehalosi all had different 16s rRNA sequences, unlike the P. haernolytica serotype Al, A5 through A9, A12 through A14, and A16 isolates, all of which had identical sequences. The sequence differences within P. trehal m i were as varied as the sequence differences observed between P. haemolytica serotypes Al, A2, and A l l and untypeable isolate PH152 (Table 4) .
Pasteurella rrehulosi NCTC 10624 T (T15)

DISCUSSION
OMP and LPS profiles of untypeable isolates. The reproducibility of OMP and LPS analysis for assessing diversity within P. haernolytica and P. trehalosi has been described previously (10) (11) (12) . The untypeable isolates could be divided into five major groups, UG1 through UG5, on the basis of their OMP and LPS profiles. The members of the two major groups, UGl and UG2, were, except for having previously undescribed or no capsular polysaccharide structures, otherwise identical to corresponding serotype A1 and A2 isolates, respectively. In addition, the UG1 and UG2 isolates have the same host speclficities as their serotype A1 and A2 counterparts. Like the serotype A1 isolates, the members of the two UG1 subgroups, represented by OMP types 1.1.1 and 1.2.1, were associated (exclusively with cattle and sheep, respectively (Table 1) . UG2 consisted of two ovine isolates whose OMP and LPS profiles ?were identical to the profiles of one of the two major groups of ovine serotype A2 isolates (i.e., OMP type 2.2.2 and LPS type 3B) (10) . Whether these untypeable isolates have previously unidentified capsular structures needs to be resolved. UG1 included two isolates, PH318 (= UT3) and PH320 (= UT6), which previously were assigned to biogroup 1 of Bisgaard and Mutters (6) ; this biogroup also comprised serotype Al, A2, A5 through A9, and A12 through A14 isolates. A comparison of OMP and LPS profiles proved to be more discriminating than an analysis of biochemical characteristics since the former clearly differentiated among serotype Al, A2, and A7 isolates and also between isolates belonging to the same serotype (lo), whereas the latter did not (6) . However, it should be noted that isolate PH154 (= UT27), which could not be distinguished from other UG1 isolates on the basis of OMP and LPS profiles, was described by Bisgaard and Mutters (6) as a biogroup 9 isolate that was not able to produce ornithine decarboxylase. Biogroup 9 isolates could be differentiated from biogroup 1 isolates on the basis of L-( +)-arabinose fermentation (6) . Isolates phenotypically identical to PH154 (= UT27) were designated biogroup 10 by Bisgaard et al. (7) .
UG3 probably corresponds to biogroup 5 of Bisgaard and Mutters since isolate PH150 (= UT18) was assigned to biogroup 5 by these authors (6) . However, the similarity in OMP and LPS profiles between serotype A l l isolates, which were assigned to biogroup 3 by Bisgaard and Mutters (6) , and UG3 isolates suggests that there is some overlap between biogroups 3 and 5. This group contained a single bovine isolate, but the eight other isolates belonging to the group were obtained from sheep (Table 1) . This observation was consistent with the findings of Bisgaard and Mutters (6) , since biogroup 5 consisted of four ovine strains, and suggests that UG3 is a sheep-specific taxon. The presence of a 30.5-kDa major protein and the lack of expression of 31.5-and 65-kDa minor proteins were also characteristics of ovine-specific serotype A1 (UG1) and A2 (UG2) isolates and appear to be important features of ovine isolates (10) . However, the pathogenic potential of isolates belonging to this group is uncertain because only three isolates were derived from the lungs of pneumonic sheep. Other isolates originated from diverse sites, such as an incidental oral lesion of the gingiva, the small intestine, semen, the stomach of an aborted fetus, and a mesenteric lymph node (Table 1) .
UG4 probably corresponds to biogroup 6 of Bisgaard and Mutters since two isolates, PH40 (= UT35) and PH144 (= UT2), were assigned to this biogroup (6) . All of the UG4 isolates except a single ovine isolate were recovered from cattle, as were the biogroup 6 isolates of Bisgaard and Mutters (6) , suggesting that UG4 is a cattle-specific taxon. Although the majority of the isolates belonging to the group originated from the lungs of pneumonic cattle (as did the biogroup 6 isolates of Bisgaard and Mutters), two isolates were recovered from the placentae of aborted calves and a single isolate was obtained from a granuloma situated on the flank of an animal ( Table 1) . Two of these three isolates differed from the other strains in their OMP profiles, raising questions about the pathogenic potential of this subgroup of UG4.
The two UG5 isolates had OMP profiles that were distinct from the profiles of the other isolates examined and were also distinguished by the fact that they originated from an aborted placenta and a fetus ( Table 1 ). The unique OMP profiles, together with the epidemiological data, suggest that these two isolates were less closely related to P. haemolytica than the other groups were and differed in their virulence potential.
16s rRNA sequences of members of the P. haemol'ytica complex. The 16s rRNA sequence data confirmed the findings of a previous study (10) which indicated that serotypes Al, A2, and A l l represent three distinct groups within P. haemolytica. However, the sequence data could not be used to differentiate between serotype A7 isolates and other members of the A1 group, like the OMP-LPS analysis data (10) . The sequence data also were consistent with the OMP and LPS data obtained in the present study which indicated that UG1 and UG2 correspond to serotypes A1 and A2, respectively. The OMP and LPS data obtained in a previous study (lo), together with the sequence data obtained in the present study, suggest that biogroup 1 of Bisgaard and Mutters (6) is not a homogeneous group and that serotype A2 is a group which is distinct from the other serotypes. The differences in 16s rRNA sequences, together with the differences in OMP and LPS profiles (lo), were consistent with placing serotype A l l in a separate biogroup, biogroup 3, as Bisgaard and Mutters did (6) , and also confirmed the view of Frederiksen (18) that this serotype represents a third taxon.
The 16s rRNA sequence of isolate PH152, representing UG3, was only 0.7% different from the 16s rRNA sequence of serotype A1 1 isolate PH344, suggesting that these organisms should be included in the same taxon. This finding supports the OMP and LPS data (see above), which suggests that there may be some overlap between biogroups 3 and 5 since Bisgaard and Mutters placed serotype A l l isolates in biogroup 3 (6) and isolate PH152 may be affiliated with biogroup 5. However, the 16s rRNA sequence of untypeable isolate PH290, which also represents UG3, was 1.7% different from the 16s rRNA sequence of isolate PH152 (Table 4) . This difference was greater than the differences between isolate PH290 and the A1 and A2 groups (1.5 and 1.4%, respectively) and indicated a heterogeneity in UG3 that was not apparent from the OMP and LPS data. Clearly, sequence data for additional isolates will be required to establish the full extent of variation within UG3 (biogroup 5) and also to determine the relationship of UG3 isolates to serotype A l l isolates (biogroup 3). However, PH152 was the only isolate in this group that originated from cattle, and the observed sequence difference between isolates PH152 and PH290 might be related to this fact. The sequence corresponding to Bisgaard's taxon 18 was the last member of this cluster (Fig. 5) . However, since Bisgaard's taxon 18 consisted of a heterogeneous group of organisms, including at least four "biovars" (7), the single sequence available in the database is not necessarily representative of the taxon as a whole. Nevertheless, it was significant that all of the taxon 18 isolates were recovered from sheep, as were all but one of the UG3 isolates. The sequence data and epidemiological evidence suggest, therefore, that UG3 isolates and taxon 18 are closely related, although sequencing of additional isolates will be required to examine this suggestion in further detail.
UG4 isolates PH40 and PH360 were clearly closely related since their 16s rRNA sequences differed by only 0.6%. The level of similarity of the 16s rRNA sequences of these organisms was consistent with the minor differences observed in their OMP profiles. The sequence data (Fig. 5) suggested that UG4, which corresponded to biogroup 6 of Bisgaard and Mutters (6) , not only was a species that was distinct from P. haemolytica, but also was less closely related to P. haemolytica than UG3 (biogroups 3 and 5), which belongs to a separate cluster. With the exception of a single isolate, all of the UG4 isolates originated from cattle, in contrast to the next most closely related group, taxon 15, which comprised 13 strains isolated from pigs (5) . On the basis of sequence data obtained from isolate PH704, UG5 represented a distinct taxon which was most closely related to Bisgaard's taxa 15 and 20, the latter of which is represented by a single isolate obtained from the eye of a rabbit. This cluster of organisms therefore contained bacteria derived from a more diverse range of hosts, including cattle, pigs, and a rabbit, than the previous cluster, which originated from cattle and sheep.
P. trehalusi is now recognized as a separate species rather than biotype T of P. haemolytica (32) . In a previous study (12) the OMP and LPS profiles of P. trehalosi were demonstrated to be significantly different from the profiles of P. haemolytica, an observation which is consistent with placing these organisms in different species. It was also shown that the level of variation in OMP and LPS profiles appeared to be less in P. trehalosi (12) than in P. haemolytica (lo), suggesting that P. trehalosi is more homogeneous than P. haemolytica. However, the 16s rRNA sequence data suggested that the reverse is true since each of the four serotypes could be clearly differentiated from the others and the sequence of isolate NCTC 10626 (serotype T4) differed from the sequences of isolates NCTC 11550 (serotype T3) and NCTC 10641 (serotype T10) by 1.3% (Table 4) . This was a greater difference than the difference between serotype A1 1 isolate PH344 and the A1 and A2 groups of P. haemolytica (0.8 to 1.0%). Although Bisgaard and Mutters (6) assigned serotype T4, T10, and T15 isolates to biogroup 2 and serotype T3 isolates to biogroup 4, our data suggest that there is greater variation among serotype T4, T10, and T15 isolates than previously thought, Variation within P. trehalosi clearly needs to be investigated further. The results obtained with P. trehalosi support the conclusion of Clayton et al. (8) that sequences obtained from single operons from single isolates may inadequately represent their taxa in phylogenetic studies and biodiversity estimates. In summary, the usefulness of OMP and LPS analysis as a taxonomic aid in the study of the relationships of isolates belonging to the P. haemolytica complex was clearly demonstrated in the present study since conclusions arrived at on the basis of OMP and LPS data were supported by 16s rRNA sequence data. Analysis of OMP and LPS profiles was found to be particularly suitable for gaining an overall impression of the taxonomic relationships of a relatively large number of isolates, although the technique cannot demonstrate phylogenetic relationships, as 16s rRNA sequence comparisons can. The resolving power of the OMP and LPS analysis was, in most cases, greater than the resolving power of 16s rRNA sequence comparisons, as demonstrated by the results of the analysis of typeable P. haemolytica isolates (10) . However, in the case of isolates belonging to UG3, as well as P. trehalosi isolates, the reverse was true; 16s rRNA sequence comparisons seemed to have greater resolving power than OMP and LPS analysis. The ability to differentiate between untypeable isolates belonging to the P. haemolytica complex and between isolates of the same serotype demonstrated the usefulness of OMP and LPS analysis in epidemiological studies. Both techniques revealed that UG1 and UG2 correspond to serotypes A1 and A2, respectively; that UG3 is closely related to serotype A l l ; and that UG4 and UG5 are more distantly related to P. haemolytica and represent two different species.
